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Abstract of the contribution: This contribution proposes Enhancements to 5GS QoS framework for support of deterministic services.
Discussion
As specified in TS22.104, three traffic classes are needed in industrial environments, i.e.
-	deterministic periodic communication; 
-	deterministic aperiodic communication; and 
-	non-deterministic communication.
Deterministic periodic communication stands for periodic communication with stringent requirements on timeliness of the transmission.
Deterministic aperiodic communication stands for communication without a pre-set sending time. Typical activity patterns for which this kind of communication is suitable are event-driven actions.
Non-deterministic communication subsumes all other types of traffic. Periodic non-real time and aperiodic non-real time traffic are subsumed by the non-deterministic traffic class, since periodicity is irrelevant in case the communication is not time-critical.
Periodic deterministic communication is periodic with stringent requirements on timeliness and availability of the communication service. A Periodic deterministic communication is characterized by parameters including the following.
- End-to-end latency
- Transfer interval
- Survival time
- Communication Service Availability
The End-to-end latency means a target latency that a packet should be sent. If a packet is expected to exceed the maximum End-to-end latency, sending the packet is waste of resources.
The transfer interval indicates the time elapsed between any two consecutive messages delivered by the automation application to the ingress of the communication system.
The maximum survival time indicates the time period the communication service may not meet the application's requirement before the communication service is deemed to be in an unavailable state. 
If a packet is dropped, it contributes to increasing the time between two consecutive messages in applications, which should not exceed the survival time plus end-to-end latency to keep the service available. Especially, when the message size is so small that a message is composed of a packet, the message loss and the packet loss have 1:1 mapping relationship. When we define the loss tolerance to be the smallest integer not exceeding the value of the survival time divided by the Transfer interval, we can map the survival time to the number of successive packet losses. A scheduler should drop a packet when the packet is expected to exceed the maximum End-to-end latency when the number of successive packet losses is below the loss tolerance. However, if the number of successive packet drops exceeds the loss tolerance, the scheduler should not drop the packet and reschedule the packet so that it can meet the End-to-end latency and survival time requirements at the same time. 
Communication Service Availability is considered as important service performance requirement for cyber physical application, especially for the applications with deterministic traffic. Although the communication service availability cannot be directly measured by the network, communication service availability requirement is the combination of latency, survival time and reliability requirement for 5G system, because the system is considered unavailable to the cyber physical application when an expected message is not received (e.g. transfer time is bigger than the maximum transfer latency) by the application after application’s survival time expires. An example of the relationship between network reliability, survival time configuration and communication service availability of logical link is illustrated in the following Table 5.1-1 of TS 22.104.
Solution #17 in TR23.734 suggested the Deterministic Delay QoS class described the above discussions as follows.
The Deterministic Delay QoS class has the following parameters.
-	Target Delay
-	Loss Tolerance
-	Priority
(1) Target Delay is the delay value that Packets related with the Deterministic Delay QoS class are expected to experience. The target delay may have lower and upper bounds. The upper bound is derived from the maximum End-to-end latency. Scheduling a packet earlier than the lower bound of the target delay is not acceptable. Scheduling a packet later than the upper bound of the target delay is not acceptable either. It is applied to both the deterministic periodic communication and the deterministic aperiodic communication.
(2) Loss Tolerance is defined as the smallest integer not exceeding the value of the survival time divided by the Transfer interval. A scheduler should drop a packet when the packet is expected to exceed the Target Delay when the number of successive packet losses is below the loss tolerance. If the number of successive packet drops exceeds the loss tolerance, the scheduler should not drop the packet and reschedule the packet so that it can meet the Target Delay and survival time requirements at the same time. It is applied to the deterministic periodic communication.
(3) Priority is the same as Priority Level in 5.7.3.3 of TS 23.501, except for the following. For deterministic Delay QoS, if packets are scheduled with a priority, the scheduler is expected to achieve the target delay with a probability. If packets are scheduled with an increased (higher) priority, the scheduler is expected to achieve the target delay without failure. Therefore, after the number of successive losses reaches the loss tolerance, the scheduler should schedule the packet with the increased (higher) priority so that the target delay can be achieved.

Conclusion
[bookmark: _GoBack]It is proposed to add the Deterministic Delay QoS class as an enhancement to 5GS QoS framework for support of deterministic services.
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